The study modelled the short run and long run impact of some macroeconomic fundamentals on the exchange rate volatility in Nigeria. Unit root test conducted on the specified time series showed that all series were integrated of order one. The short-run and long-run elasticities of exchange rate volatility with respect to some key macro-economic fundamentals were determined using the techniques of co-integration and error correction model estimation. The empirical results revealed that the coefficients of the total import, industrial capacity utilization rate, lending rate of commercial Banks, foreign private investment and liberalization policy period are significant in the long run. Whereas the coefficients of external reserves, inflation rate, interest rate, foreign private investment, total import and industrial capacity utilization rate were significant in the short run. The result advocated for appropriate short and long term policy packages that should focused on stabilization of the identified significant shifters of exchange rate volatility in the Nigeria's economy. Harmonization of transactions in the various foreign exchange markets in Nigeria should be a priority objective in the current exchange rate policy.
Introduction
The late 1970s and early 1980s witnessed a period of unceasing macroeconomic decline in most developing countries as was evidenced by the stagnation of their economies and internal structural imbalances as well as severe external imbalances [1] . These problems seem to have been more severe in the Sub-Saharan African countries whose economies have been exposed to greater external and domestic economic shocks [2] . These crises necessitated fundamental changes to reduce distortions in their economies in the face of rising domestic and external pressures. One critical area of drastic change for most of these countries was their foreign exchange rate policy. It was believed that all or most of their currencies were over-valued due to the policy of fixed exchange rates which they adopted. In response to this distortions and imbalances in the economy, many Sub-Saharan Africa countries modified their exchange rate regimes to make them more flexible and responsive to the current global economic conditions [3] . Such modifications included steep devaluation, adoption of crawling peg regimes and the auctioning of available foreign exchange resources among others. "In broad terms, developing countries that adopted any form of flexible exchange rate system option were those suffering from severe balance of payments difficulties compounded by accumulated external payments arrears, who in addition lack official foreign exchange reserves needed to support a fixed exchange rate which has come under intense market pressure" [4] .
Since independence, Nigeria like most developing countries in the Sub Saharan Africa has practiced a fixed system of exchange rate control until the radical change in 1986 when a more flexible exchange rate regime was introduced. Before the introduction of the Structural Adjustment Programme (SAP) in 1986, Nigeria's economy was characterized by serious internal structural distortions and external imbalances. These have been linked to the overvaluation of the naira and the collapse of international primary commodity market prices including that of oil, on which Nigeria was strongly dependent. Towards the end of 1985 to early 1986, the Nigerian government rather than continuing with the ad-hoc policy measures which had been tried in the past for economic recovery, decided to undertake a comprehensive structural adjust-ment, the bedrock of which was a more flexible foreign exchange rate system. Frequent adjustments in exchange rate policy measures in Nigeria have been linked to the prevalence of high degree of volatility in exchange rate movement which policy makers believed is capable of distorting activities in other sectors of the economy [1] . However, most literature on the issue has presented conflicting evidences pertaining to the relationship between exchange rate volatility and fluctuation in some key macroeconomic fundamentals in Nigeria. Evidence of macroeconomic variables fluctuation across various policy regimes in Nigeria abound in the literature. For instance, the inflation rate had shown a wide variability across exchange rate policy periods in Nigeria (CBN, 2010 and Table 1 ). In a similar way, index of agricultural production, the external reserve, real GDP per capita and real foreign private investment in the manufacturing sector have exhibited an undulating trend across various exchange rate policy periods in Nigeria ( Table 1) . Although many factors might have combined to explain the general adverse development in some key macroeconomic variables in Nigeria, the exchange rate policy has frequently been identified as a major contributor [1] . Theoretically, it has been recognized that the maintenance of an appropriate exchange rate regime is a necessity but not a sufficient condition for the achievement of desired macroeconomic objectives. The stability and proper alignment of the exchange rates are absolutely essential to the restoration of growth in the tradable goods sector and indeed, the aggregate economy [5] [6] [7] [8] .
Exchange rate fluctuations are likely in turn to determine economic performance. In judging the desirability of exchange rate fluctuation, it becomes therefore necessary to evaluate the contribution of some key macroeconomic fundamentals in the economy to such fluctuation. A depreciation of the domestic currency may stimulate economic activity through the initial increase in the price of foreign goods relative to home goods. By increasing the international competitiveness of domestic industries, exchange rate depreciation diverts spending from foreign goods to domestic goods. While fixed exchange rates reduce uncertainty and transaction costs, these benefits may be outweighed by increased output volatility due to sticky prices and increased international interdependence. Foreign exchange market developments have cost implications for the households, firms and the state. [9] Showed that exchange rate volatility have real economic costs that affect price stability, firm profitability and a country's stability. Many economists argue that exchange rate stability facilitates production activities and economic growth. This group of economists also supports the view that misalignment in real exchange rate could distort production activities and consequently hinders exports growth and generates macroeconomic instability [10] . Exchange rate policy guides investors on the best way they can strike a balance between their trading partners, and investing at home or abroad [11] . The widening premium between the official and parallel exchange market has lead to precarious operating environment evidence by insufficient foreign and domestic investment in Nigeria [12] .
With the exception of a brief period of confusion in exchange rate policy formulation in the country (i.e. 1970-1975 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 Mean macroeconomic variable indicator [4, 13] .
Therefore, given the above mixed consequences of increasing disparity in exchange rate volatility, it becomes relevant to investigate the causal relationship between exchange rate volatility and some key macroeconomic variables in the Nigeria's economy. The knowledge of such correlation could reduce uncertainty and risk syndrome prevalence among investors in the country and foster the achievement of the overall economic objectives of the federal government. Therefore, the study specifically determined macroeconomic factors which influenced exchange rate volatility from 1968 to 2010 in Nigeria.
Theoretical Framework and Literature Review
In modelling the impact of macroeconomic variables on exchange rate volatility in Nigeria, we toke special interest in the model developed by [14] . This approach is typical of a two-country model of international trade. It assumes that demand for a country's exports depends on real foreign income and relative (foreign) prices as follows:  are uncorrelated error terms. Assuming equilibrium in the export market (i.e.,
) and solving for price at equilibrium (i.e.,
x P x P x P  ) from Equations (3) and (4) we get:
Substituting Equation (6) into Equation (4) where x P x P  and solving for V;
1 2 0
Equation (11) shows that a country's exchange rate volatility depends linearly on the foreign (trading partners') real income, real exchange rate, terms of trade and the level of import and export. The system of coefficients and sign attached to each variable represent the elasticities and direction of effect of the respective variables on exchange rate volatility. In a similar way many macroeconomics variables could be incorporated into the model to investigate their relationship with the exchange rate volatility.
Measuring Exchange Rate Volatility

Generalized Autoregressive Conditional Heteroscedasticity (GARCH) Technique
The GARCH (1, 1) model was used to generate nominal exchange rate volatility for the study. It is summarized as follows:
Log log where~N
Equation (12) is the mean equation from which the error term ε t was derived. t is a conditional variance of ε t and a proxy of exchange rate volatility while (13) shows that the conditional variance is explained by past shocks or volatility (ARCH term) and past variances (the GARCH term). Equation (13) will be stationary if the persistent of volatility shocks,
  is lesser than 1 and in the case it comes much closer to 1, volatility shocks will be much more persistent. As the sum of α and β becomes close to unity, shocks die out rather slowly [15] . The normality assumption of the error was adopted in the study.
Empirical Review of Related Literature
There is no consensus in the empirical literature concerning the factors that influenced exchange rate volatileity. According to [16] , real exchange rate volatility is due to slow adjustment of commodity prices and rapid response of nominal exchange rates to exogenous shocks. [17] used aggregate data for the US, Germany, France, Japan and UK and finds mixed evidence regarding the effect of exchange rate volatility on import demand. [18] found similarly mixed results regarding the impact of exchange rate volatility on US import demand using bilateral time series for the major trading partners of the USA. [19] estimated the short-and long-run influence of exchange-rate volatility on the import flows of the United States, in the generalized floating exchange-rate period. He discovered a significant long and short-run negative effect of exchange-rate volatility on the volume of imports. [20] estimated the long run relationship between imports and exchange rate volatility in G-7 countries, during the quarterly period 1973:2 to 1995:1. They found that exchange rate volatility has a significant negative effect on the volume of imports of G-7, countries whereas for Canada, it is positive and significant. [21] in their empirical work revealed that exchange rate volatileity has no effect on Pakistan import in the long run whereas a significant effect was obtained in the short run. [22] analyzed the effect of real exchange rates on output for twenty eight devaluation experiences in developing countries using a regression framework. He observed that depreciation of the level of the real exchange rate reduced the output.
[23] estimated a six-variable VARmoney supply, domestic price level, exchange rate index, foreign price index, real output, and the rate of interest-in an attempt to explain the inflation movement in Kenya. He observed that the rate of inflation and exchange rate explained each other. [24] reported that positive shocks to the rate of exchange rate depreciation significantly reduced credit availability with a negative impact on the output. [25] utilized a five-variable VAR model-money, exchange rate, wages, prices, and income-to examine the sources of acceleration of inflation in Argentina, Brazil, and Israel. He concluded that among other key factors, exchange rate movements explained inflation in the three countries. [26] in Colombia observed that exchange rates did not play an important role in explaining the variation in inflation.
Empirical supports for domestic monetary policy as a potential source of real exchange rate variability is provided by [27, 28] . Exchange rate volatility is not regime neutral. The switch to flexible exchange rate system resulted in significant increase in real exchange rate volatility (see [29] [30] [31] . Hviding et al. [32, 33] provided evidence on the relationship between international reserves and real exchange rate volatility and established that a higher international reserve has a negative effect on exchange rate volatility. Greater variability in real productivity shocks usually proxied by variability in the rate of growth of real GDP results in higher exchange rate variability [34, 35] , applying two different econometric approaches-a theoretical vector autoregression and a structural production function-concluded that the net effect of a decline in the value of the dollar is a temporary increase in inflation and real output, followed by a permanent reduction in output and level of real wages. It was explicitly concluded that exchange rate volatility is a major factor for the upsurge of inflation [36] in Uganda, [37] in South America; [38] in Africa; [26] in Colombia; [33] in Nigeria and South Africa and [39] in Nigeria). Also [39, 40] and [33] provided evidence of negative relationship between exchange rate volatility and foreign direct investment in African countries.
Research Methodology
Study Area and Data Source
The study was conducted in Nigeria; the country is situated on the Gulf of Guinea in the sub Saharan Africa. Nigeria lies between 4˚ and 14˚ north of the equator and between longitude 3˚ and 15˚ east of the Greenwich. Nigeria has a total land area of 923,768. 622 km 2 with 853 km of coastline along the northern edge of the Gulf of Guinea (98.3 million hectares) and a population of over 140 million [41] . Secondary data derived from publica-tions of Central Bank of Nigeria (CBN), National Bureau of Statistics, and Federal Ministry of Finance was used in the analysis. Data covered the period 1968 to 2010.
Analytical Techniques
The empirical models were specified based on the specific objectives of the study. 
Results and Discussion
Unit Root Test
In time series analysis, stationarity of the series is examined by unit root tests. One of the most commonly used tests in literature to ascertain the stationarity level of series are ADF test developed by Dickey and Fuller in (1979) and ADF-GLS unit root test developed by Elliott, Rothenberg and Stock in (1996) which is an improvement of the original ADF test. These two tests were used in this study for determining the stationarity level of series. PC-Give 10 and gretl econometric softwares were used to carry out the tests and the result is presented in Table 2 . The result for both ADF and ADF-GLS unit root tests show that all the specified variables were non stationary at levels but stationary at the first difference. The result implies that the time series should be tested for the existence of a cointegration [42, 43] .
Cointegration Test
The concept of co-integration as developed by Granger (1981) involved the determination of the static or longrun associations among non-stationary time series. The pre-condition for applying the standard procedure of the co-integration tests to any series is that the variables in consideration must be integrated of the same order or non-stationary individually. The study applied the Engle and Granger two-step technique and Johansen cointegration approach to examine cointegration relationship among time series. The result of the Engle and Granger two-step technique of the cointegration regression and the stationarity tests for the residual (ECM) generated in Equation (15) is presented in Table 2 . The results show that at the 1% probability level of significance, the Engle-Granger cointegration tests reject the null hypothesis of no cointegration. Hence, there exists a long run equilibrium relationship between the exchange rate volatility and some major macroeconomic variables in Nigeria. For the Johansen cointegration approach, the trace and maximum eigenvalue test statistics were significant at various rank levels. The result as presented in Table 3 means that the calculated trace test and maximum eigenvalue test statistics are greater than the critical values at 10%, 5% and 1% probability levels. This implies that there is cointegration relationship among the specified variables. Table  4 presents the result of the long run equation of exchange rate volatility in Nigeria as specified in Equation (15).
Optimal Lag-Length for Cointegrating Variables
The following information criteria were used to select appropriate lag length for the cointegrating series: there are Akaike criterion (AIC), Schwarz Bayesian criterion (BIC) and Hannan-Quinn criterion (HQC). The test result as shown in Table 5 reveals that the optimum lag length appropriate for the specified variables is at the second lag indicated by the asterisks among the information criteria. This means that in generating the short run dynamic model for the exchange rate volatility in Nigeria, the optimum lag length of time series should be 2 in order to obtain a more interpretable parsimonious ECM model.
Error Correction Model for Exchange Rate Volatility in Nigeria
Following the Granger Representation Theorem, we specified the ECM model for the cointegrating series in the study. The primary reason for estimating the ECM model is to capture the dynamics in the exchange rate volatility equation in the short-run and to identify the speed of adjustment as a response to departures from the long-run equilibrium. The general specification of the ECM that was estimated for the exchange rate volatility in Nigeria is shown below: 
The variables are as defined previously in Equation Note: The null hypothesis of no cointegration is rejected at 1% probability level.
(15) and the coefficient (δ) of the ECMt −1 measures the deviations from the long-run equilibrium in period (t −1 ). In order to obtain a parsimonious dynamic ECM for the exchange rate volatility equation, the study adopted Hendry's (1995) approach in which an over parameterized model is initially estimated and then gradually reduced by eliminating insignificant lagged variables until a more interpretable and parsimonious model is obtained.
The result of the exercise is presented in Table 6 . The slope coefficient of the error correction term is negative and statistically significant at 1% probability level. The result validates the existence of a long-run equilibrium relationship among the time series in the exchange rate volatility equation, and also indicates that the exchange rate is sensitive to the departure from it equilibrium value in the previous periods. The slope co- efficient of the error correction term (0.7931) represents the speed of adjustment and also is consistent with the hypothesis of convergence towards the long-run equilibrium once the exchange rate volatility equation is shocked. The ECM t value of 0.7931 suggests that in the absence of variation in the specified macroeconomic variables in the short run, that about 79.31 percent of the divergence between actual and equilibrium value of the exchange rate volatility is corrected annually in Nigeria. The diagnostic test for the ECM model revealed R 2 value of 0.6847 which means that the specified explanatory time series explained about 68.47% of the adjusted total variations in the value of the exchange rate volatility in Nigeria. The F-statistic of 4.89 is significant at 1% probability level, indicating that the R 2 is significant and this implies that the equation has goodness of fit. The Durbin-Watson value of 2.22 indicates that autocorrelation is not a serious problem.
The exchange rate volatility in the ECM model has an inelastic relationship with the external reserves in Nigeria. This means that in the short run, increase in the external reserves would lead to decrease in exchange rate volatileity. In the long run model, the relationship is neutral. The result is plausible in the Nigeria case, because in recent years the country's external reserves has increase tremendously thereby stabilizing some domestic macroeconomic variables and promoting positive growth rate in the economy. The finding is similar to the empirical results reported by [33] for Nigeria and South Africa and [32] in Zimbabwe.
In the short run, the slope coefficient of inflation has a significant (at 5% level) negative correlation with the nominal exchange rate volatility in Nigeria. The result implies that increase in the inflation reduces the tendency of increase exchange rate volatility in Nigeria. The result might be explained by the fact that increase in inflation would constrain cash circulation and this would reduce activities in the foreign exchange market. Contrary in the long run, the impact of inflation on exchange rate volatility becomes neutral probably due to the learning process or adaptation to the economy process by the investors.
The result also revealed that exchange rate volatility has a significant negative elastic association with the lending interest rate of commercial banks in both short and long run exchange rate volatility models in Nigeria. Elastic relationship implies that 1% change in exchange rate volatility would result in a less than equivalent 1% change in interest rate in both periods. However the negative association between exchange rate volatility and interest rate could be attributed to the frequent intervenetion of the Central Bank of Nigeria on the operations of commercial banks in the country.
In the short run, foreign private investment (FPI) reduces exchange rate volatility in Nigeria. The reason for the result could be attributed to the fact that in the short run government provides incentive to investors such as tax holiday, tax cut and lower tariff on imported machineries among others. These incentives reduce the frequency and volume of transaction by the investors in the foreign exchange market, thereby reducing volatility in the sub sector. In the long run, the coefficient of (FPI) is significant and positively correlated to exchange rate volatility. The finding could suggests that foreign investtors in Nigeria in the long run are exposed to importation cost probably imposed by increasing depreciation of machineries and other assets. This increases the activities and perhaps the volatility in the foreign exchange market. The short run result corroborates the findings of [33, 39, 40] in Nigeria.
The ECM and long run model revealed significant negative effect between import (TIM) and exchange rate volatility in Nigeria. The result satisfies the a priori expectation as increase in exchange rate volatility would likely decrease importation activities due to increase importation cost both in the short and long run periods. The result agreed with the finding of [17] in Europe, [19] in USA and [20] for G-7 countries.
The coefficient of industrial capacity utilization (CUR) exhibited a positive significant impact on exchange rate volatility in both periods in Nigeria. The result satisfies the a priori expectation. Following the industrial policy of import substitution and liberalization policy (1986 till date), most industries in Nigeria have strengthen their backward integration strategies. Therefore increase in exchange rate volatility serves as an incentive to boost domestic production and hence capacity utilization.
The liberalization policy period (D) has a significant negative influence on the exchange rate volatility in the long run. The finding shows that the exchange rate policies embedded in the liberalization period have negative significant influence on exchange rate volatility in Nigeria. In the short run the effect was positive but was not statistically significant. The result of the short run model agreed with the finding of Canales [30, 31] .
Summary and Recommendations
The study identified significant macroeconomic fundamentals that influence the exchange rate volatility in Nigeria. Macro-economic data from the period 1968 to 2010 were used in the study. Unit root on the specified variables confirmed the presence of co-integration among the series implying the presence of a long-run equilibrium relationship. The long run and ECM models for exchange rate volatility were estimated using the specified variables. The ECM error term had the appropriate sign and was statistically significant at 1% probability level indicating a quick convergence to equilibrium in each period, with intermediate adjustments captured by the differenced terms. The findings show that some key macroeconomic fundamentals in Nigeria's economy interact in each period to re-establish the long-run equilibrium in exchange rate volatility following a short-run random disturbance. The empirical result for the static or long run exchange rate volatility equation revealed that the industrial capacity utilization rate and foreign private investment have significant positive relationship with the exchange rate volatility the Nigeria. Whereas the total import, lending interest rate and liberalization policy period has a negative association with the exchange rate volatility. Also, the ECM model revealed that the index of exchange rate volatility in Nigeria in the short run decreases with increasing external reserves, lending interest rate of commercial banks, foreign private investment and total import. On the other hand, the exchange rate volatility rate increases with increasing inflation rate and industrial capacity utilization rate.
The findings call for appropriate short and long term policy packages that should focused on stabilization of the identified significant shifters of exchange rate volatility in the Nigeria's economy. Harmonization of transactions in the various foreign exchange markets in Nigeria should be a priority objective in the current exchange rate policy. This will reduce exchange rate policy diversion, enhanced monitoring and policy evaluation as well as increased the efficiency of the sub-sector.
